PSEUDOXANTHOMA ELASTICUM has been described as a systemic disease that affects the skin, the eyes, and the blood vessels. That it may directly involve the heart and cause significant valvular disease is not so well known. Histologic changes in the endocardium and heart valves have been described'-" but valvular heart disease has not been a clinical problem in these cases. After studying the following familial cases of pseudoxanthoma elasticum, especially case 1 who died in severe congestive heart failure due to mitral stenosis, it was considered that another differential diagnosis must be added to the uncommon causes of valvular heart disease. Case 1. Mrs. Ml. K. (MMH 390-037), a 68-yearold white housewife of Portuguese extraction, entered the Massachusetts Memorial Hospitals because of shortness of breath. Three years prior to admission she developed irregular heart action and symptoms of congestive heart failure that were controlled by digitalis and diuretics. During the previous month she became dyspneic and was confined to bed, the legs and abdomen became swollen, and the urinary output decreased. She denied chest pain or knowledge of high blood pressure.
Past history included an attack of "influenza" in 1918, following which a heart murmur was heard. There were no other episodes suggestive of rheumatic fever. Physical examination revealed an obese dyspneic woman. The temperature was 101 F., and respirations were 30; the blood pressure was 140 mm. Hg systolic and 80 diastolic. 
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There were fine rales over the left lower lung field posteriorly. Cardiac dullness extended from the left anterior axillary line to 3 em. to the right of the sternal border in the fifth interspace. The rhythm was grossly irregular. The first heart sound was accentuated and an opening snap was heard. A grade-II, low-pitched, rumbling middiastolic murmur was localized to the apex. A grade-III, rough, blowing systolic murmur was loudest at the apex and radiated to the axilla. The pulmonic component of the second heart sound was louder than the aortic. A fluid wave and shifting dullness were noted in the abdomen. The liver was firm, nontender, and pulsating 5 cm. below the right costal margin. There was pitting edema of the entire lower extremities. The hemoglobin was 6.3 Gmn. per 100 ml. and the hematocrit level was 22 per cent; the red blood cell count was 2.76 million per mm.3 The icteric index was 5. The serum sodium was 143 inEq., the potassium 5.3 mEq., the chloride 110 nEq., and the carbon dioxide 19.8 mEq. per liter. The fasting blood sugar was 121 mug., the total protein 6.1 Gm., the albumin 3.8 Gm., and the globulin 2.3 Gm. per 100 ml. The protein-bound iodine was 4.2 ,ug., the total iodine 4.2 ptg., and the serum iron 9 jg. per 100 ml. Urinalysis was negative except for 1+ albumin.
A chest x-ray film showed a markedly enlarged heart with a contour suggesting pericardial effusion. An electrocardiogram revealed atrial fibrillation with a ventricular rate of 90, occasional ventricular premature beats, right axis deviation, and ST-T abnormalities attributed to digitalis.
The morning after admission, the patient suddenly became very dyspneic, vomited a small amount of material, and died.
Gross and microscopic findings of the autopsy showed unusual changes in the heart, kidney, and blood vessels. The abdominal cavity contained about 2,000 ml. and the pericardial cavity 200 ml. hemorrhages in the gastric mucosa, and microscopically occasional small arteries showed extreme thickening and degeneration of the internal elastic lamina, unlike that seen in arteriosclerosis ( fig. 6 ).
Each adrenal gland weighed 9 Gm. and each kidney 150 Gm. The renal capsules stripped with some difficulty, leaving a pitted, diffusely granular, pale tan surface. The cortices were poorly demarcated and measured 0.6 em. in width. Microscopically there were extreme localized thickening, reduplication and fragmentation of elastic tissue in the small renal arteries and in some arterioles. Glomeruli were large and rather ischemic, with nonspecific sclerotic changes and a slight increase in the number of nuclei. Focal interstitial chronic inflammation was seen, consistent with pyelonephritis ( fig. 7) .
Grossly the skin appeared wrinkled and pale with induration and brownish discoloration over the legs. Microscopically in the deep corium, with routine stain, the connective tissue appeared abnormally coarse and slightly basophilic. This tissue stained green like collagen with the Masson trichrome method. The elastic-tissue stain showed a striking degeneration of elastic fibers deep in the corium, with fragmentation, coalescence, thickening, and curling of elastic tissue, typical of pseudoxanthoma elasticum ( fig. 8 ).
Incidental findings included cholelithiasis, endomnetrial hyperplasia, chronic cystic mastitis with intraductal papillomas, ovarian stromal hyperplasia, and cavernous hemangioma of a lumbar vertebra.
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Death was attributed to congestive heart failure in the presence of pseudoxanthoma elasticum involving the heart, kidney, aorta, pulmonary artery, small blood vessels, and skin. Cardiac fluoroscopy showed the heart to be enlarged in all diameters with no specific chamber enlargement. The barium-filled esophagus was displaced posteriorly. There was generalized diminution of cardiac pulsations. The lung fields showed increased prominence of the bronchovascular pattern. An electrocardiogram revealed nonspecific T-wave abnormalities and late U waves, which were inverted over the left precordium.
The patient was given thyroid extract and digitalis, and she improved considerably.
Skin biopsy from the atrophic, wrinkled, lumbar area was diagnosed as pseudoxanthoma elasticumn. The deeper layers of dermis appeared abnormally basophilic and were composed of curled heavy connective-tissue strands with the hematoxylin and eosin stain. With Verhoeff-van Gieson stain for elastic tissue, the elastica of the superficial dermis was practically normal, but in the lower dermis the elastic fibers were coarse, broken, curled, and irregular both in distribution and in the appearance of individual fibers.
Case 3. M. K., the second eldest daughter of case 1 who was 36 years of age, was examined for evidence of pseudoxanthoma elasticum. She had been healthy all her life. There were no symptoms of bleeding from any system and her menstrual history was normal. She stated that small ecchymoses of the legs developed very easily. She denied cardiac or peripheral vascular symptoms except for palpitation and a tightness in the anterior chest when nervous. There were no visual difficulties. Past history failed to reveal any episode resembling rheumatic fever.
The fundi and skin were normal. A grade-II, rough, blowing, systolic murmur was heard precordially but loudest in the right supraclavicular fossa; it was not transmitted to the axilla. The aortic component of the second basal heart sound was louder than the pulmonic. The rhythm was regular. The blood pressure was 150/80. This murmur was considered most consistent with aortic stenosis. Peripheral pulses were of normal amplitude.
Chest films and cardiac fluoroscopy showed the heart to be normal in size and contour. There was minimal but normal posterior indentation of the barium-filled esophagus in the region of the atria. No intracardiac calcification was seen. An electrocardiogram showed sinus arrhythmia and prominent U waves.
A skin biopsy showed localized abnormalities of the lower dermis with fragmentation of elastic fibers, consistent with mild pseudoxanthoma elasticum.
Case 4. H. P. (MMH 507-115), a 31-year-old daughter of the patient of case 1 entered the hospital for repair of a hernia. She had had a heart murmur since childhood and was restricted in sports at school. There was no history of an illness resembling rheumatic fever. Symptoms of heart failure were absent. Except for the appearance of small ecchymoses on her legs without known trauma, there was no bleeding tendency. Menstrual history was normal; she had had 4 miscarriages and 3 normal pregnancies. No visual or peripheral vascular symptoms were present.
The fundi and skin were normal except for a small ecchymosis on the right upper arm. The cardiac impulse was very forceful 2 cm. to the left of the ilmidelavicular line in the fifth interspace. A systolic thrill was felt over this area. There was a grade-IV, rough, blowing systolic murmur, loudest at the apex and transmitted to the axilla but not to the neck. The aortic component of the second basal heart sound was louder than the pulmonic. A third heart sound was heard in early diastole at the lower left sternal border. The rhythm was regular at a rate of 72. The blood pressure was 120/68. The findings were considered most consistent with mitral insufficiency. There were many nonpigmented striae on the abdomen and a large right lower quadrant scar with a bulging hernia. A firm, nontender liver was felt 3 cm. below the right costal margin. The right dorsalis pedis pulse was of small amplitude compared to the left.
Laboratory data were normal, including total cholesterol and protein-bound iodine values.
An electrocardiogram revealed ST-T abnormalities in the left precordial leads suggestive of left ventricular hypertrophy. A chest film showed the heart to be above the normal limits in size with a cardiothoracic ratio of 15 Pseudoxanthoma elasticum has been the subject of many papers2' 4-7 reviewing the typical skin appearance and the retinal angioid streaks (Gronblad-Strandberg syndrome), the systemic findings, and the pathologic picture. Revell and Carey have provided the following list of systemic symptoms and signs in order of their frequency: hypertension, inequality and changes in pulses, intermittent claudication or angina, calcification of peripheral vessels, abnormal bleeding into the gastrointestinal tract, uterus, bladder and brain, psychic disturbances, and epilepsy.
Signs and symptoms of heart disease are quite co0nmnon1.6 Left ventricular hypertrophy associated with hypertension and angina pectoris due to coronary arterial involvement by the disease are often present. Pathologic changes in the heart due to pseudoxanthoma elasticum have rarely been encountered. The opinion has been expressed that involvement of the heart would not be expected, since it contains only a small amount of elastic tissue.4 Iii his original description of this disease in a 49-year-old mail without evidence of clinical heart disease, Balzer' described a whitish yellow surface over the greater part of the endocardium of the right atrium as well as plaques of the same color on the ventricular trabeculae and pericardium. Histologically. degeneration of the elastic elements, the same pathologic picture as seen in the corium of the skin, was present at these sites.
McKusick2 described interesting findings at postmortem examination in a case of pseudoxanthoma elasticum with a loud blowing apical systolic murmur as the only manifestation of heart disease. The heart was not enlarged, weighing 323 Gm. There was a yellowish thickening of the endocardium of the right atrium and a nodular thickeninlg over the trabecular ridges. The posterior leaflet of the tricuspid valve had a smooth, thickened, firm. rolled edge without excrescences. The aortic leaflet of the mitral valve was similarly thickened at the edge and there was marked calcific change at its attachment. Histologically the subheido(ardial tissue of the right atrium show%,ed the same changes as described in the skin of pseudoxanthoma elasticum.
Reiner3 presented the ease of a 27-year-old woman with pseudoxanthoma elasticum at the New England Society of Pathologists in 1955. The only cardiac symptom was palpitation. At autopsy the endocardium of the right and left atria and the left ventricle was dull, thickened, and opaque. The histologic picture of the endoeardium was typical of pseudoxanthoma elasticum.
Clinically our first patient was believed to have rheumatic heart disease with mitral stenosis and tricuspid insufficiency. Histologically, changes of pseudoxanthoma elasticum were present in the skin, blood vessels, kidney. and heart. The eindoeardium of the left atrium was thickened and whitish yellow in color. The mitral valve had a hard, rolled ridge along the closure line and was definitely stenotie. Microscopic studies revealed faradvanced degeneration of the elastic fibers in the enidocardium. Lack of vascularization of the valves, the normal chordae tendineae, and absence of Aschoff bodies ruled against this being inactive rheumatic heart disease. The patient had shown no obvious skin changes except for the subcutaneous hemorrhages that have also been described in pseudoxanthoma elasticum.8 The eyegrounds were not visualized, so we cannot say if angioid streaks were present in case 1, but the patient had no history of visual difficulties.
Other patients with pseudoxanthoma elasticum have been described as having heart disease, but histologic proof that this disease involved the elastic tissue of the heart was lacking. Prick9 presented a 48-year-old woman with pseudoxanthoma elasticum, whose heart was hypertrophied at autopsy. The mitral valve presented a thickened edge with some yellowish white patches, but microscopically only fatty infiltration of the heart muscle was described. This patient had dyspnea on exertion, an enlarged heart with a faint systolic precordial murmur, and an accentuated second aortic heart sound. Von Trannenhain10 reported a case of pseudoxanthoma elasticum in which the postmortem diagnosis included chronic mitral endocarditis and chronic myoearditis, but histologic studies of the heart were not presented. Small yellowish white deposits were found on the aortic and mitral valves in 1 other case,4 but microscopic study was again lacking. Systolic murmnurs have been heard frequently in patients with pseudoxanthoma elasticum and there has been 1 reported case" with the murmur of mitral stenosis.
Five of the 6 children of the patient of case 1 showed the changes of pseudoxanthoma elasticum in skin biopsy, and 3 presented evidence of heart disease ( fig. 9 ). There were no clinical skin lesions in these patients except for an atrophic area of skin in case 2 and an elbow rash in case 5. The history of ecehymosis formation without provocation in the daughters was suggestive. It is not unusual to find the pathologic changes of this disease in normal-appearing skin. 13 Each of the daughters also had clinically significant heart findings, and there was no history of rheumatic fever. It has been found that about 60 to 70 per cent of those with rheumatic heart disease will have had a known episode of rheumatic fever, if carefully questioned. ' Whether the heart lesions in the daughters are the result of pseudoxanthorna elasticumn cannot be said at this time. In ease 2 thyroidectomy had been performed for thyrotoxicosis, which has been believed to have some relationship to pseudoxanthoma elasticum.6 This daughter also had absent peripheral pulses in the legs. One of the sons had an elevated blood pressure, a common accompaniment of this disease.
Inheritance of pseudoxanthomna elasticum is usually as an autosomal recessive, but rarely is it transmitted as a dominant. 2' 4, 13 Parental consanguinity is common in the latter case. Microscopic study of the skin from 5 of the 6 children of case 1 revealed changes consistent with pseudoxanthoma elasticum. The patient and her husband were of different racial backgrounds and a skin biopsy from the husband failed to reveal evidence of pseudoxanthoma elasticum. McKusick2 was able to findd only 8 cases of direct transmission of F'AMILIAL PSEUDOXANTHOMA ELASTICIUM this disease in his survey of the literature; however, it has been rare that skin biopsies were examined from offspring who did not show evident clinical manifestations of the disease. Perhaps when more such studies are performed, the dominant mode of transmission will be found in pedigree studies, as has already been postulated by, Veidman, Andersoil, and Ayres. '4 This paper does not pretend to review the controversy regarding the basic lesion of this disease, whether it is really an elastic or a conneetive tissue degeneration, except to point out that the most recent analytic work with hIistochemistry, electron microscopy, and enizvmes seems to indicate a primary elastic tissuie disorder.-13. 16
SUMMAIARY
The clinical and postmortem findings in a patient with pseudoxanthoma elastieum, who died in congestive heart failure due to mitral stenosis, are presented. Histologic examination of the heart revealed elastic-tissue degeneration in the endoeardium of the left atrium and in the valves and no evidence for rheumatic heart disease. The skin, blood vessel, and kidney sections also showed the changes of pseudoxanthoma elastieum.
Five of the patient's 6 children were available for skin biopsies, and all demonstrated some degree of elastic-tissue change consistent with pseudoxanthoma elastieum. Three of the children also had evidence of valvular heart disease. A skin biopsy from the patient's husbaild was normal, indicating a dominant mode of inheritance, which has been considered rare.
In the 3 previously reported cases of pseudoxan thoma elasticum with histologic cardiac involvement, valvular heart disease was not a clinica problem. It is thouglht that pseudoxanthomna elasticum must be added to the list of uncommon causes of valvular heart disease. When a patient with the findings of valvular heart disease lacks a history of rheumatic fever, pseudoxan thllola elastieum sholild be (considered. 
